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Given the mission objective to deploy a number of small landers to the surface of Mars at various 
latitude/longitude locations, it is of interest to obtain a global perspective of the communications 
link geometry between the landers and a data relay orbiter. Specifically, the question to be 
answered is what is the total time interval over one martian day ( 1 sol) that a lander at any given 
latitude and longitude can communicate data to the orbiter. Results should be obtained for more 
than one elevation angle constraint (lander antenna design issue), and also for several time points 
into the mission since the orbiter's periapsis location moves under the influence of Mars oblateness 
perturbation. This paper presents such information in terms of global contour maps of available 
communications time per sol summed over all orbiter passes on that day. Global data of this type 
complements more detailed local site data such as communications range and elevation vs time per 
pass. 

The reference mission launched in 1998 arrives at Mars in late September 1999 and the orbiter is 
placed into a polar orbit (90 deg inclination) with periapsis altitude of 275 km, apoapsis altitude of 
6903 km, and orbit period of 1/5 sol. Periapsis latitude is initially at 27 deg N and moves 
southward at the rate of about 1 deg/sol. Landing sites for orbit deployment are displaced about 56 
deg from the orbiter's periapsis, thus starting near the north pole and moving southward. If the 
landers have descent imaging capability with a requirement for low sun elevation angles between 
15 deg and ~ 30 deg, then the first deployment from orbit must be delayed until sol #180 after 
arrival. Thereafter, all landing site latitudes are accessible with good values of sun angle. Pole-to- 
pole coverage is accomplished in about 6 months. 

Communications time contour maps are included here for sol #'s 180, 232, 318, 361, and 404 
corresponding to orbiter periapsis latitudes of 35 S, 90 S, equatorial, 45 N, and 90 N. For each of 
these days, there is a map for both a 15 deg and 45 deg minimum elevation constraint on the 
lander- to-orbi ter line of sight. The jagged appearance of the contour lines is due to computational 
resolution in interpolating between a finite number of latitude/longitude grid points. Although the 
contours should really be smooth, the general information content is represented by the lower 
resolution maps shown here. An example of the tabulated, finite-grid data points is also given. 

Communication with all sites is possible at the 15 deg elevation constraint, at times only for several 
minutes per sol but more generally for a much longer time up to 14 hours per sol. Significantly 
less time is available with a 45 deg elevation constraint, and at certain times in the mission some 
localized regions of the planet are inaccessible. Still, one may conclude that the reference orbit 
selection will support a more than adequate communications link through the mission timeline with 
landers emplaced at any desired location on Mars. 
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CDMMAP - COMHUN I CATION AVAILABILITY MAP 


SOL #404 15 deg 


COMMUNICATIONS HORIZON ELEVATION ANGLE IS 15,0 DEGREES 
ORBITAL ELEMENTS FOR THE ORBITER ON 19990929.0000: 

A= 6986.2 E=0. 474362 1= 90.00 N0DE= 129.93 ARGP= 153.27 MEAN0= 0.00 

START DATE: 20001116.0000 STOP DATE: 20001117.0260 TIME STEP IS 0.0010 DAYS 
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